430.021PA 

UNIVERSAL ENERGY REGULATING CONTROLLER CIRCUIT 

Andrew S. Kadah et al. 
Background of the Invention 

The present invention relates to drive circuits that provide AC power (or in some cases 
DC power) to a motor armature or other AC load or to a reversing load, and is more particularly 
directed to a control circuit that provides AC power at a frequency, wave shape, and power 
factor that is tailored for an AC or inductive load that may vary during use, such as a single- 
phase AC induction motor, an example of which is a motor used to drive a compressor or blower 
in a HVAC application. The invention is more specifically concerned with a control circuit for 
applying dri ve power to a motor which may be from fractional horsepower to several 
horsepower or above in size; in which a torsional load varies depending upon external factors, 
and in which the motor torque can depend on the condition or quality of the AC line power; and 
in which the applied line voltage can drop from a nominal 1 17 volts (RMS) to below 100 volts, 
in which the power factor or phase angle can be significant; and in which the line frequency may 
drop well below the nominal 60 Hz (e.g., where the power is locally generated). Such drive 
power control circuits may have numerous industrial, commercial, and domestic applications. 

In refrigeration and HVAC systems, it is often necessary to change the fan speed or 
blower speed or compressor speed according to existing conditions. For example, because cold, 
dry air is considerably heavier than warm moist air, during initial operation the blower has to 
operate at high speed to pump conditioned air, especially to higher floors. Then, when the 
comfort space or living space has cooled down, the fan speed is reduced to avoid blowing cold 
air directly on human occupants. Also, where sensible cooling is needed, rather than latent 
cooling the blower is operated at higher speed to increase air flow. Correspondingly, if 
dehumidification is required more than sensible cooling, the air flow rate should be reduced, 
requiring a slower blower speed. Likewise, as the demand for cooling changes, the need for 
liquid refrigerant through the system will also vary, and so compressor speed may need to be 
increased at times and reduced at other times. 

Also, during many peak demand times, the quality of the AC line power can vary 
enormously, with changes in line voltage and line frequency. Typically, the motor designer is 
forced to over-design the motor in order to satisfy load requirements over an expected range of 



O 19%. Consequently, at normal or high line conditions, over 20% of the electric energy is wasted. 

CI 

One approach to motor control, which was intended for create control over motor speed, 
has been an adjustable speed drive (ASD) employing a pulse-controlled inverter. In these ASD's 
415 the incoming AC power is rectified to produce a constant DC level, and that is converted to an 
3 T AC drive wave using pulse-width modulation (PWM). These ASD's overcome the shortcomings 

of operating induction motors directly on line voltage, and satisfy many of the requirements for 
CI speed control. Unfortunately, the use of PWM can lead to other problems, including winding 
0 insulation failure in the motor armature. PWM operation can also result in high switching 

losses, as well. In addition, although the majority of the time, the induction motor concerned can 
be powered with unmodified line current, when an ASD is used the PWM current is always 
being supplied to the motor. Not only does this consume power in operation, but the constant 
charging and discharging of the large power capacitors in the ASD system can limit their useful 
life. 

25 In many cases, what is needed is to simply modify the existing line AC waveshape to 

achieve the improved power factor or to boost (or regulate) the effective RMS voltage, but with 
the ASD system, this is not possible. 

Also, previous efforts in brownout protection (i.e., to protect the AC induction motor 
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input conditions. The motor armature, which is basically an inductive load, may have to face an 
unfavorable power factor, which means that the actual applied voltage, i.e., the real component 
of the complex AC voltage, may become unacceptably low. Consequently, it is desirable to be 
able to adjust the shape and RMS value of the line voltage so that the motor will operate 
5 optimally, even under adverse line conditions. 

It is well known that for an AC induction motor, the output torque is proportional to the 
square of the input voltage. It is also the practice for any given application to use a motor that is 
rated over a given voltage range of ± 10%. This means that the system has to be over-designed 
to meet full load requirements at low voltage. Otherwise, for a given AC induction motor, if the 
10 input voltage is 10% low, i.e., V=90%V nonnal , then output torque T drops to T=81%T rc _ 2l . This 
, means that, according to conventional practice, the motor has to be over-designed by at least 
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from burn out in low line voltage situations) have taken the approach of cutting off power to the 
motor to prevent damage. While this saves the motor, it can cause severe problems for the 
system that the motor is designed to drive. For example, in a commercial refrigeration 
application, a freezer system can be used for storage of a frozen food product, e.g., frozen meat, 
5 ice cream, or another food product. During a so-called brownout, when the operating line 

voltage drops below a safe threshold (e.g., reduced from 120 volts RMS to below 95 volts RMS) 
then the compressor motor is simply shut off, and no refrigeration takes place. If the brownout 
lasts for a period of an hour or more, the meat may begin to spoil, or the ice cream may melt. It 
would be more desirable to continue to operate the refrigeration system during brownouts, i.e., 

10 by modifying the AC power wave so that it is sufficient to run the equipment, even if at a partial 
speed. However, that has not been possible with existing power control circuits. 

0 Objects and Summary of the Invention 

It is an object of this invention to provide AC power to an AC load, such as a motor 



armature, in a way that avoids the drawbacks of the prior art, as mentioned above. 



€5 It is an object of this invention to optimize incoming applied power to avoid waste of 

3 electrical energy. 

B 

Jj It is another object to provide a motor speed control for efficient operation of a 

O compressor motor, blower motor, or similar inductive load. 

q It is a further object to provide a motor speed control that is reliable and efficient, and 

l $0 which can accommodate changes in load and changes in line power quality. 

If is a yet further object of this invention to detect or measure dynamically the speed of 

the rotor, and to adjust the power level to match load requirements accordingly. 

It is a still further object of this invention to expand the voltage operating range of 

existing or new equipment above and below the nominal frequency and voltage of the AC line. 
25 If is a further object of this invention to optimize the V/f ratio of an AC induction 

machine or motor to enhance system efficiency by dynamically sensing rotor slip, monitoring 

motor current or back EMF amplitude and/or duration, and adjusting power levels accordingly to 

match load requirements, for both linear and non-linear loads. 
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It is still another object of this invention to provide a circuit of low-component count, 
low-loss, and low-cost design. 

According to an aspect of the invention, a power controller for powering an induction 
motor or other AC load (or in some cases a DC motor) employs input conductors that connect 
5 with a source of AC line power, the line power having a waveform and a line frequency, and 
output conductors that connect to an AC load, such as an induction motor. A variable drive 
circuit receives the line power from the input conductors and delivers properly conditioned AC 
power via the output conductors to the AC load. The variable drive circuit includes means for 
storing and switching at least a portion of the incoming line power and then selectively passing 
10 the line power, as needed, to the output conductors in a plurality of modes. In a straight-through 
mode, the input AC line power is applied directly to the load; in another mode, the input AC line 

P power has current added at portions of the waveform to reshape the AC waveform without 

P 

yp altering the line frequency; in a completely synthesized wave mode, a reshaped non-sinusoidal 
waveform (pulse width modulated or filtered, at a selected amplitude) is applied to the load at a 
frequency that is different from the line frequency. The variable drive circuit can employ a 
H control circuit that has sensor inputs coupled to the output conductors for monitoring and 

J*j controlling the waveform and frequency of the power applied to the load. As explained later, the 
P load itself can be the sensor, i.e., detecting the amount of rotor slip in the form of back EMF 

cn 

q amplitude and/or width. 

55 According to another aspect of the invention, a power controller employs a first AC 

conductor and a second AC conductor for connecting to an AC line power source, and a first 
controlled switch circuit which includes a first controlled switch element having a first power 
terminal connected to said first AC conductor, a second terminal, and a control input, and a 
diode connected in shunt across the power terminals. A second controlled switch circuit 

25 includes a second controlled switch element having a first power terminal connected to said 
second AC conductor, a second terminal, and a control input, and a diode connected in shunt 
across the power terminals. A power capacitor has its terminals connected to the second power 
terminals of said first and second controlled switch elements, respectively. Load terminals are 
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coupled to the terminals of said power capacitor. A control circuit has at least one output 
coupled to the control inputs of the first and second controlled switch elements, and at least one 
sensor input connected to at least one of said load terminals. 

Preferably, the first and second controlled switching elements each include a switching 
transistor, such as a MOSFET bipolar transistor or an IGBT. Optical devices, e.g., optocouplers, 
couple the control circuit with the control inputs of first and second controlled switch elements. 
As used here and in the ensuing claims, the term transistor is meant to include any controlled 
semiconductor device, also including photodiodes, SCRs, triacs, PUTs, as well as the more 
traditional MOSFET or bipolar transistors and IGBT thyristors. In many situations, vacuum 
tubes are equivalent to transistors. 

According to another embodiment of the invention, a motor speed controller for 
powering a single phase induction motor, comprises a first AC conductor and a second AC 
conductor for connecting to a source of AC line power. A first controlled switch circuit which 
includes a first controlled switch element has a first power terminal connected to the first AC 
conductor, a second power terminal, and a control input, and a first diode connected in shunt 
across the power terminals. A second controlled switch circuit has a second controlled switch 
element having a first power terminal connected to the second AC conductor, a second power 
terminal, and a control input, and a second diode connected in shunt across the power terminals. 
A first power capacitor has a first terminal and a second terminal, with a third controlled switch 
disposed between the first terminal of the first power capacitor and the second power terminal of 
the first controlled switch element. The third controlled switch circuit has a third controlled 
switch element and a third diode connected in shunt across said third controlled switch element. 
A second power capacitor has a first terminal and a second terminal, with a fourth controlled 
switch circuit disposed between the first terminal of the second power capacitor and the second 
power terminal of the second controlled switch element. The fourth controlled switch circuit has 
a fourth controlled switch element and a fourth diode connected in shunt across the fourth 
controlled switch element. The third and fourth controlled switch elements each have a 
respective control input. 



430.021PA 

Load terminals are coupled to the second power terminals of the first and second 
controlled switch elements, and a control circuit has at least one output coupled to the control 
inputs of the first, second, third, and fourth controlled switch elements, and at least one sensor 
input connected to at least one of the load terminals. 

The second terminals of said first and second power capacitors are coupled to the second 
AC conductor and the first AC conductor, respectively. The second terminals of the first and 
second power capacitors are coupled to the second power terminals of the second controlled 
switch element and of the first controlled switch element, respectively. 

The control circuit can be optically coupled to the first, second, third and fourth 
controlled switch elements. 

The principles of this invention can also be embodied in a single-MOSFET switched 
bridge circuit, in which the armature of the AC induction motor (or other load) is connected in 
series with the AC inputs of a diode bridge. This can be realized in single-phase or polyphase 
modes. 

The drive circuit can boost portions of the original AC power waveform, or can supply a 
synthesized waveform, which can be at a desired frequency and amplitude. 

The drive circuit of this invention is of a simple, straightforward design, being inherently 
compact and relatively inexpensive, and at the same time avoiding energy waste. 

The above and many other objects, features, and advantages of this invention will 
become apparent from the ensuing description of a preferred embodiment, which should be read 
in conjunction with the accompanying Drawing. 
Brief Description of the Drawing 

Fig. 1 is a schematic circuit diagram for explaining the basic concepts of this invention. 

Fig. 2 is a circuit diagram for a speed control drive circuit for an ac induction motor load, 
according to one possible embodiment of the present invention. 

Fig. 3 is a circuit diagram of another embodiment. 

Fig. 4 is a circuit diagram of another embodiment of this invention. 

Figs. 5 A to 5E are power waveform charts for explaining operation of this invention. 
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Fig. 6 is a circuit diagram of a single-MOSFET switched embodiment of the present 
invention. 

Fig. 7 is a circuit diagram of a three-phase switched bridge embodiment. 
Figs. 8A to 8D are applied voltage graphs for explaining this invention. 
5 Detailed Description of a Preferred Embodiment 

With reference to the Drawing, Fig. 1 is a basic schematic view of a circuit employing 
the general concepts of this invention, and receiving AC power from a source 1 and applying it 
to a load 2. A first controlled switch SI is interposed between the source and the load 2, and 
there are also second and third controlled switches S2 and S3 that are selectively opened and 
10 closed for charging first arid second capacitors CI and C2. A control circuit 3 applies switching 
y. signals to the controlled switches S 1 , S2, and S3, and may have a sensor input 4 coupled to the 
0 load 2. 

o 

yf) With this arrangement, the capacitors CI and C2 can be kept charged up to peak AC 

jj^ voltage, which is typically about 40% higher than the average or RMS line voltage value. The 

4h line voltage can be switched on or off to the load 2 as needed, by opening and closing the switch 

If! 

a • SI, and the stored charge can be applied from the capacitors CI and C2 to the load 2 by 

PI 

selectively opening and closing the switches S2 and S3. In practice, the switches SI, S2, S3 can 

□ be implemented as switching transistors or other equivalent devices. 

w 

n In this case, the load 2 can favorably be the armature of a single phase induction motor. 

% However, the circuit or this invention can also be applied to other loads, including a non-rotating 

inductive load, such as a solenoid actuator, or to a resistive load, or to a non-linear load such as a 

discharge or plasma device. 

The principles of this invention can be implemented according to the embodiments 

discussed below. 

25 Fig. 2 is a circuit diagram of an illustrative embodiment of a drive circuit 10 connected 

with a load, here, the armature of an AC induction motor M. Here the line source is a single- 
phase AC voltage source e.g., a nominal 120 volts AC (RMS) at 60 Hz, i.e., line power. 
Optional line chokes Ch are shown on each power conductor. The AC line power may be 
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provided from an electric utility, or it may be locally generated, for example, from an emergency 
generator. For sake of simplicity, a single-phase system is illustrated here, but persons of 
ordinary skill could easily apply the principles of this invention to polyphase line power, and 
could apply the invention to a drive system for a three-phase AC induction motor, if desired, or 
to the main and auxiliary windings of a split-phase motor. The line voltage can be other than 
120 volts RMS, e.g., 230 volts, 460 volts, etc. Here, a pair of input conductors 12 are coupled to 
the AC source, and a pair of output conductors 14 are connected to the motor M or other output 
load. The input conductors 12 supply input AC line power to first and second power switching 
transistors 15 and 16, which switchably connect to the output conductors 14. In this 
embodiment, there are first and second diodes 18 and 20, each respectively coupled in anti- 
parallel across the source and drain of an associated transistor 15, 16. An optional storage 
capacitor 22 is connected between the two output conductors 14, and thus in this embodiment is 
connected with the drain electrodes of the power transistors 15 and 16. The capacitor 22 will 
charge and discharge depending on the conductive status of the transistors 15 and 16. The 
transistors 15 and 16 are optically gated, and here any well known optical gating circuits can be 
connected to them. Alternatively, a pulse transformer system can be used for gating the 
transistors 15, 16, or an equivalent coupling means can be used that avoids direct DC coupling. 
The transistor 15 is gated on to admit all or some portion of the negative half cycles, and the 
transistor 16 is gated on to admit all or some portion of the positive half cycles. 

Controller circuitry for this drive circuit 10 includes a voltage sensor 24, whose inputs 
are placed across the load, i.e., connected to the output conductors 14, and which has output 
LEDs 26 and 28 that are optically coupled to the respective transistors 15 and 16. In this 
embodiment, the LEDs 26 and 28 emit different respective wavelengths A, and X 2 . The optical 
couplings can be constituted by suitable LED and photodiode pairs. The voltage sensor 24 may 
incorporate a processor with code that prohibits both LEDs firing at the same time. The 
transistors 15, 16 may be cut off during a portion of the power wave to reshape it or to reduce the 
current flow. This circuit permits the beginning part or the end part of the wave to be trimmed to 
improve the power factor, which is often a problem factor for inductive loads. The controller 
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circuitry associated with the voltage sensor can, for example, look for zero crossings in the 
motor current in the output conductors, or in the line current in the input conductors, or both. As 
discussed later, the sensor circuitry can also detect and measure back EMF pulses at the 
beginning of the power half waves to determine load and rotor speed. 

Fig. 3 illustrates a motor control circuit 10' according to another embodiment of this 
invention, which is capable of modifying and enhancing the AC power being supplied to an AC 
load L, such as an induction motor. Here elements that correspond with elements in the previous 
embodiment are identified with the same reference numbers. As in the previous embodiment, 
there are line input conductors 12 and output conductors 14. The input conductors may be 
connected with the hot and neutral conductors of a 120 volt circuit; and the output conductors 
may be connected across a motor armature or other AC load. Here, there is a first transistor 3 1 
(i.e. Ql) connected between the hot-side input conductor and one output conductor 14, with a 
diode 32 connected across the source and drain of the transistor 31. A series circuit formed of a 
second transistor 33 (with a parallel diode 34) followed by a capacitor 35 extends between the 
one output conductor 14 and the other (neutral side) input conductor. A second capacitor 36 has 
one electrode connected to the first or hot input conductor. 

A third transistor 37 (i.e., Q3), with parallel diode 38 is connected between the neutral 
input conductor and the other one of the output conductors 14. A fourth transistor 39 (i.e., Q4) 
has its source connected to this other output conductor, with a parallel diode 40 between its 
source and drain, and the capacitor 36 extends in series with this fourth transistor 39 between its 
drain electrode and the hot side input conductor. Alternatively, the capacitor 35 can be tied to the 
anode of the transistor 37 (i.e., Q3), and such an embodiment is discussed later in connection 
with Fig. 4. 

In this embodiment, there is a power supply circuit comprising a series pair of a diode 41 
and a zener 42, in parallel across the capacitor 35. A similar arrangement may be used in 
connection with the other capacitor 36. This supplies the power for the MOS transistor gate 
drives. 

Here, there is also a gating arrangement that is optically connected to the transistors 31, 
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33, 37 and 39, but is not shown here. Transistors 31 and 39, both shown as sensitive to 
wavelength A„ are turned on and off together, while transistors 33 and 37, here both shown as 
sensitive to another wavelength A 2 , are also turned on and off together. The transistors 3 1 and 39 
are kept off whenever the transistors 33 and 37 are on, and vice versa. 
5 A microprocessor control element (not shown) is incorporated into the voltage sensing 

circuit 24, which has inputs connected to the output conductors, i.e., to the load L. This 
microprocessor control element may also have a speed selection circuit, for example, contained 
in a wall thermostat in the case of a heating, air conditioning, and/or heat pump system. Such a 
microprocessor control element would drive phototransmitters to control the turning on and 
1 0 turning off of the transistors 3 i , 33, 37, and 39. 

y. In this embodiment, even though there is no traditional bridge or half-bridge for 

0 converting power to a different line frequency, the output power can be delivered at a different 
frequency from line frequency, and its waveshape can be transformed into a desired waveshape, 
y. The capacitors continue to charge through the respective diodes during times when the 
€5 transistors are off, i.e., capacitor 35 is charged on positive half-cycles through diodes 32 and 34, 

3 and capacitor 36 is charged on the negative half-cycles through diodes 38 and 40. Line 

O 

Q synchronized operation permits the values of capacitors 35 and 36 to be greatly reduced. A 

Q voltage boost can be produced at the beginning of each waveform in a line synchronized mode. 

m 

q Another embodiment of this invention is shown in Fig. 4, wherein a motor control circuit 

% 10" is connected to AC input conductors 12 and through AC output conductors 14 to an AC 
load such as a motor M. In this embodiment, there is a first transistor 51 and first diode 
connected across its current terminals, and between one of the input conductors and one of the 
output conductors 14, with a second transistor 53 and second diode 54 from that point to a 
storage capacitor 55. Similarly, there is a third transistor 57 and third diode 58 between the 
25 second AC input conductor and the other AC output conductor, and a fourth transistor 59 and 
fourth diode 60 from there to one side of a second storage capacitor 56. In this embodiment, 
electrolytic or similar polarized capacitors are used, and the polarity of the transistors and diodes 
is such that the diodes 54 and 60 have their cathodes at the (+) terminals of the associated 
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capacitors 55 and 56. The capacitor (-) terminals may be connected either to the output 
conductors (shown in dash lines as option a) or to the input conductors 12 (shown in dash lines 
as option b). The transistors 51, 53, 57, and 59 may be gated either electrically or optically, and 
the control circuitry for that is not shown here. Also, there is a voltage sensor circuit (not shown 
here) connected with the AC output conductors 14, or with the input conductors 12, or both. In 
one preferred mode, sensing of the reverse EMF is employed for direct motor sensing. 
Optionally, there may be a motor speed detector, e.g., a hall effect element, associated with the 
motor M, and connected with the microprocessor control element. The control circuit 24 may 
identify zero crossings in the input AC wave to determine what the actual line frequency is, as 
that can vary several hertz from the nominal frequency, i.e., from 60 Hz in North America or 50 
Hz in Europe. As shown schematically, the control circuit 24 can have its outputs linked to the 
gates of the transistors 51, 53, 57, 59 using pulse transformers 26' and 27'. 

The microprocessor control circuit may be suitably programmed to provide gating pulses 
to optoisolator transmitters and thereby control the frequency and wave shape of the AC output 
current that is fed to the motor armature. 

The AC input voltage from the AC source appears on the AC input conductors 12 as a 
sinusoidal wave, as shown in Fig. 5A, with its nominal frequency at 60 Hz, and with a peak 
voltage V AC of 330 volts (220 volts RMS). During normal conditions, the transistor 31 (Fig. 2) is 
gated on during substantially the entire negative half-cycle, and the transistor 37 is gated on 
during substantially the entire positive half-cycle, and this results in the AC power wave passing, 
without alteration, to the AC output conductors where it is applied as a drive wave, as shown in 
Fig. 5B. If there is a need to change the wave shape of the output waveform, the transistors 33 
and 39 can be gated on during a portion of the cycle to supply electric charge stored on the 
capacitors 35 and 36, and to add current at the beginning, at the middle, or at the end of the 
output power wave, as illustrated in Fig. 5C. The capacitors 35 and 36 will charge up to peak 
voltage (e.g., 330 volts), and this allows the output voltage to be boosted, when need be, up to 
the capacitor voltage. By adding a boost voltage at the leading and trailing parts of the AC 
output wave, a waveshape that approximates a square wave can be created, which has 
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advantages in driving AC induction motors, and particularly when there is a drop in line voltage. 
As an alternative, the output wave could be provided as a sawtooth waveform (not shown). This 
reshaped output wave has a desirable advantage during brown-out conditions, i.e., when the peak 
power drops well below 330 volts, e.g., down to 285 volts (e.g., 190 volts RMS). Under these 
conditions, the applied line voltage may be too low to power the equipment safely. However, by 
creating the output wave as generally rectangular pulses (as in Fig. 5C) rather than sinusoidal (as 
in Fig. 5B), the average applied voltage is above the normal RMS value of the applied voltage, 
and the motor can be operated safely. The timing of the gating signals to the transistors 3 1 and 
37 can be controlled so as to interrupt the current to create pulses during each half-cycle, as 
shown for example in Fig. 5D, so that the output power wave has a desired amplitude 
characteristic for a given torque or load problem. In this instance, the power control is operating 
as a line-synchronized device. 

Moreover, by gating the transistors 31, 33, 37 and 39 (Fig. 3) or 51, 53, 57, 59 (Fig. 4) at 
the appropriate times, it is possible to create an output pulse waveform that has a frequency and 
voltage that is different from the input line power wave. It is possible to create an output power 
wave that is double the width (i.e., one-half the frequency) of the original input line power wave, 
as shown in Fig. 5E, and it is easily possible to create an output power wave with any frequency 
between these, or even a higher or lower frequency than the input (line) wave. The generation of 
the waveform of Fig. 5E can be explained by reference to the following table, which represents 
two full cycles of the input line power and one cycle of the output power. In this case the 
switching transistors 31 and 39 are held off during positive half cycles of the input line power, 
and transistor 31 is on only during negative half-cycles. Likewise, transistors 33 and 37 are held 
off during negative half cycles. The transistors 33 and 37 are turned on in response to an output 
voltage sensor during the positive half cycles, and the transistors 3 1 and 39 are turned on in 
response to output voltage sensor during negative half cycles. The conditions for converting 60 
Hz input power to 30 Hz output power are as indicated in the following table: 

<See Table I> 

The motor speed controller circuit 10" of Fig. 4 would operate in a similar fashion. 
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The ability of this circuit to produce power of various frequencies means that with this 
rather simple circuit there could be any number of drive speeds between very low speed to full 
speed, and even an above normal speed. Moreover, the motor drive could be infinitely variable. 
An accelerated, snap-action gating of the transistors 31, 33, 37 or 39 of Fig. 3, or 51, 53, 
5 57, 59 of Fig. 4 can be accomplished, e.g., as discussed in U.S. Pat. No. 6,1 18,239, for faster and 
more accurate switching of the transistors. With quick turn on and turn off, the switching 
transistors spend very little time transitioning across their active regions, thus cutting energy 
losses and limiting device heating. The arrangement avoids heat management problems for 
MOSFET or other switching transistors, and permits the speed control circuit to be constructed 
10 out of smaller, and less expensive devices, which operate at very low power. 
^ A single MOSFET bridge embodiment is shown in Fig. 6, in which a diode bridge 70 has 

CI AC terminals 71 and 72 and DC terminals 73 and 74. A MOSFET transistor 75 has its drain and 

n 

source electrodes connected across the bridge 70, i.e., to the DC terminals 73, 74. An AC 
i£ induction motor M is connected as a load in series between one pole of the AC line current and 
€h the bridge AC terminal 71, with the other bridge AC terminal 72 going to the other pole of the 

U 5 

g AC line. A control circuit 76 has a sensor 77 operatively engaged with the motor M, and 

provides an appropriate gating signal to the gate of the MOSFET transistor 75. 
CI A polyphase, i.e., three-phase, version of this embodiment is illustrated in Fig. 7, in 

en 

p which there are three switched bridges 70 \ 70", and 70' each associated with one of the three 
% phases, here indicated as A, B, and C. The three-phase induction motor M is situated in series 
with each of these bridges, and for each there is a return to an associated phase A, B, C. This is 
indicated generally to encompass either a delta or wye arrangement. Here the control circuit 76 
provides a gating signal for each of the three switched bridges. Many other versions are also 
possible. 

25 The direct motor speed detecting feature of this invention can be explained with 

reference to Figs. 8A to 8D. In each of these, the applied voltage across the motor armature is 
shown on the vertical axis, and time on the horizontal axis. The current is applied, for example, 
as positive and negative pulses, with a brief OFF period or space between negative and positive 
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regions. After start up, if the motor is turning normally, with a moderate load, the armature 
voltage will appear generally as shown in Fig. 8A. At the commencement of each half cycle 80, 
there is a buffer period during which no current is applied. Because the rotor is magnetized and 
is rotating, there is a generated voltage imposed on the armature that is a result of rotor slippage. 
In the case of a moderate load, as illustrated in Fig. 8A, there is a forward voltage spike or pulse 
81, followed by a notch 82. The height and duration of the voltage pulse 81, and the depth and 
width of the notch 82 vary with rotor speed and with the load imposed on the rotor. For a light 
load (Fig. 8B), the voltage pulse is bigger, i.e., taller and somewhat wider, and the notch 82 is 
shallower and narrower. At the limit of zero motor load (as shown in Fig. 8C), i.e., in which the 
rotor spins freely, the initial pulse 81 is a maximum and the notch 82 is a minimum. For larger 
and larger loads, the pulse 81 becomes narrower and shorter, while the notch 82 becomes wider 
and deeper. At the extreme of infinite load, i.e. rotor lock, where there is no rotation (as shown 
in Fig. 8D), the pulse 81 is absent at the beginning of the half cycle 80. This characteristic, i.e., 
the height and width of the pulse 81 or the depth and width of the notch 82, can be sensed and 
measured at the beginning of each half cycle, or at selected half cycles, to gauge the load 
imposed on the motor and to read directly the rotation speed of the rotor. Then, the amplitude 
and shape of the power wave can be controlled to optimize motor operation under given load 
conditions. 

While the invention has been described in detail with reference to certain preferred 
embodiments, it should be understood that the invention is not limited to those precise 
embodiments. Rather, many modifications and variations would present themselves to persons 
skilled in the art without departure from the scope and spirit of the invention, as defined in the 
appended claims. 
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